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ABSTRACT 



hi o h f orm s patUo£an aophalt rescfffacing machine nastirst^ 
second stages. The first stage receives milled materialtinpugi-^mriSneTand blends the 
milled material with a rejuvenating flujd*--Tne'lirst stage has a transversely extending 
shaft from which paddles-exlend radially to blend the milled material with the 
rejuvenating fluidantf direct it toward a first stage outlet. The second stage receives the 
blended material from the first stage outlet. The second stage has a respective shaft with 
mixingpaddles extending radially therefrom to further blend the material and direct it 
rd a second stage outlet. 
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TITLE: MIXING APPARATUS AND METHOD FOR BLENDING 
MILLED ASPHALT WITH REJUVENATING FLUID 

INVENTOR: FRANK CRUPI 


FIELD OF THE INVENTION 

This invention relates to apparatus for in situ rejuvenation of asphalt pavement. More 
particularly this invention relates to a method and apparatus for mixing milled asphalt 
and rejuvenating fluid in such rejuvenation. 


5 5 BACKGROUND OF THE INVENTION 

Asshakjaa &ement consists essentially of an aggregate and sand miKtoxeJieldJx^ether 
V- / with a petroleum based binder, such as tar. With continued exposure to sun, moisture, 
traffic, freezing and thawing, asphalt surfaces degrade. The degradation is prin^ally 
in the binder, rather than the aggregate and sand mixture which makes up tijp^ulk of the 
0 2 asphalt. Also, much of the degradation occurs within the top two oplhree inches of the 
surface. 
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Traditionally, worn asphalt pavement was nopedstored but instead was torn up and 
replaced with new asphalt. This is a costjy^proach and creates a problem as to what 
to do with the torn up pavement. ^^Accordingly, techniques and apparatus have been 
developed for restoring or rejuvenating the top few inches of an asphalt paved surface. 


A typical road resp*4acing machine has a heater for heating and softening the asphalt 
surface as it jesses along the asphalt surface. Following the heater is a "rake" or 
20 "scarifier^which breaks up or "scarifies" the softened pavement. The scarified pavement 
is gerferally crushed or "milled", blended with rejuvenating fluid and optionally 

F^ g *te 'av\(\ rnrh'pr^itnrl Thn, roHopnfiitod mn terial isLSpread outaad — • 
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^ejfl-qtfeal^^ original surface before^ 


degradation. 


In order to produce a rejuvenated surface of high quality, it is hnpdftant to ensure that 
an appropriate amount of rejuvenating fluid is added. G^a^rally , a core sample or several 
core samples are initially taken of the surface tp^Be rejuvenated and a desired ratio of 
rejuvenating material to milled materiaHs^nalytically determined. 

It is also important to thoroughly intermingle the milled material with the rejuvenating 
material, which will at lpdst include a fluid but may also include additional sand and/or 
aggregate. 

It is an objee/of the present invention to provide a method and apparatus for thoroughly 
blendipg the milled material with at least the rejuvenating fluid and with any other 
T^rpivgi^ a f n ff mater ials^ 


SUMMARY OF THE INVENTION 

A mixer for an asphalt resurfacing machine which has a transport structure to which is 
mounted a heater for heating an underlying surface, a scarifier following the heater to 
break up the heated surface, a mill following the scarifier for grinding the scarified 
surface to form a milled material and prepare the underlying surface to a pre-set depth 
and a rejuvenating fluid sprayer for introducing a rejuvenating fluid to the milled 
material. The mixer has a first stage, including a shell which is substantially enclosed 
but for a downwardly facing bottom opening. An inlet opening extends through a 
forward face of the shell and faces in a travel direction of the transport structure. The 
inlet opening receives milled material from the mill. A first stage shaft extends 
transversely relative to the travel direction and is mounted to the first stage shell for 
rotation about a first stage shaft axis. A plurality of paddles extend radially from the first 
stage shaft for blending the rejuvenating fluid with the milled material and to direct the 
blended material thus formed toward a first stage discharge outlet facing rearwardly 
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relative to the travel direction. The first stage shell is placeable in close proximity to the 
underlying surface to use the underlying surface as a bottom part thereof. A rotator is 
provided for rotating the shaft along with the paddles. 

The mixer may include a second stage mounted to follow the first stage and receive 
5 blended material from the discharge outlet of the first stage. The second stage has a 
downwardly opening second stage shell extending from the rear of the first stage shell. 
A second stage shaft is mounted in the second stage shell for rotation about a second 
stage shaft axis generally parallel to the first stage shaft axis. A plurality of paddles 
extend substantially radially from the second stage shaft. The paddles are rotatable with 
lJo 13 the second stage shaft for further blending of the blended material and for directing the 
L 2 m blended material toward a second stage discharge opening through the second stage shell 
W j|j which faces rearwardly relative to the travel direction. The second stage also has a 
*tO ;« rotator for rotating the second stage shaft about the second stage shaft axis. 

The rotator may be a motor having a sprocket and chain arrangement linking the motor 
to the first and second stage shafts. 

A method is provided for blending milled material with rejuvenating fluid in an asphalt 
resurfacing machine having a first pug mill attached to a transport structure associated 
with the asphalt resurfacing machine in an inverted arrangement in which an open face 
of the first pug mill is adjacent an underlying surface for the underlying surface to act as 
a bottom of the pug mill, the first pug mill having a first paddle shaft extending generally 
transversely relative to a travel direction of the transport structure, the method comprises 
the steps of: 
25 

(i) moving the transport structure along the underlying surface to move the first pug 
mill in the travel direction; 
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(ii) receiving the milled material and rejuvenating fluid into the first pug mill through 
a forwardly facing first inlet; 

(iii) blending the milled material with the rejuvenating fluid by rotating the first paddle 
.shaft to cause paddles extending radially therefrom to co-mingle the milled 

5 material with the rejuvenating fluid, the paddles being aligned to direct a blended 

material thus formed toward a rearwardly facing first discharge opening; and, 

(iv) allowing the blended material to be discharged through the first discharge opening 
as the first pug mill moves in the travel direction. 

m A second pug mill may be attached to the transport structure to follow the first pug mill, 
M the second pug mill being mounted in an inverted arrangement in which an open face 
l i thereof is adjacent the underlying surface to utilize the underlying surface as a bottom 
5 thereto, the second pug mill having a second inlet for receiving the blended material 
discharged from the first discharge opening, the second pug mill having a second paddle 
shaft generally parallel to the first paddle shaft and having a plurality of paddles extending 
substantially radially therefrom and the method may include the further steps of: 
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(v) receiving the blended material into the second pug mill through the second inlet; 

(vi) rotating the second paddle shaft to further blend the blended material received 
from the first pug mill, the paddles being aligned to direct further blended material 
thus formed toward a rearwardly facing second discharge opening; and, 

25 (vii) discharging the further blended material in a windrow from the second discharge 
opening. 

DESCRIPTION OF THE DRAWINGS 
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Preferred embodiments of the present invention are described below with reference to the 
accompanying drawings in which: 

Figure 1 is a schematic representation of an asphalt resurfacing 
machine according to the present invention; 

Figure 2 is an enlarged view of the rearward portion of the asphalt 
resurfacing machine of Figure 1; and, 


^0 n 


Figure 3 is an exploded view of a mixer according to the present 
invention. 


fU :fj DESCRIPTION OF PREFERRED EMBODIMENTS 

*D ' ~! An asphalt resurfacing machine is generally indicated by reference 10 in Figure 1 . The 

*f 13 resurfacing machine 1 0 travels in a path of travel indicated by arrow 1 2 . The resurfacing 

y 5 p machine 10 has a transport structure 1 1 to which its various components are mounted. 

H ;^ The transport structure 1 1 is basically a support frame having wheels or tracks 54. A 

D ;^ power plant 1 4 at the front of the transport structure 1 1 is provided to drive the apparatus 

□ and typically includes an engine and a hydraulic system: 


j frriiiViH t h * prmrf*r plaint 1 d flty rl pl<jf o mo unted on the transp ort structure 11 is 
k which includes numerous burners and associated plumbiijgi^^ surface 
1 8 upon which the resurfacing machiiie4^1rav^s. A propane (or other combustible fuel) 
tank 20 and a combu§#eifl5!ower 22 serve the burners in the heater 16. The heater 16 
directs heaj*at*fhe asphalt surface 1 8 to cause softening of an upper part of the asphalt 
si 
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The s ofleiibi H fts ph al t su rf ace 18 io ini ti ally dis lodged by a * lakmg - dcr t ce ; 



r indicated by reference 30, mountedjojhej^^ which follows the 

h eertefT6. T h<* rflkiT^ d^ia e^f) ha* raVes? whifth HidndfTfi thft -hefl tol HK|ihal l rill r fume 1 
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The raking device 30 may include main rakes 32 and extension rakes 34, the extension 
rakes 34 performing a similar function to the main rakes 32, but to the outside edges. The 
main rakes 32 break up material around manholes where a main mill 36 behind the raking 
device 30 cannot run. 

5 The main mill 36 which is mounted to the transport structure 1 1 behind the raking device 
30 grinds up the material dislodged by the rakes, levels the underlying surface and 
prepares the surface to a preset depth. Extension mills 38 ahead of the main mill 36 
perform a similar function, but process outer material typically from 1 0 to 1 5 feet to each 
side of the resurfacing machine 10 and move it to a central part of the resurfacing machine 
9o O 10 where it is subsequently processed by the main mill 36. 

r 4J .JQ 

fu * A pug mill 100, also mounted to the transport structure 1 1 , follows the main mill 36 and 
% y acts as a mixer for blending the processed material from the main mill 36 with 
w m rejuvenating fluid from a tank 42. The pug mill 100 is described in more detail below 
3 5 o after the general overview of the asphalt resurfacing machine 10. 

tl 

p l M Blended material 46 from the pug mill 1 00 is picked up by a scalping conveyor 44 which 
~ Q deposits the blended material 46 in a heated holding hopper 48 . The holding hopper 48 

keeps the blended material 46 hot until it is needed. The holding hopper 48 may be filled 
20 through its top with material for start ups or if additional material is needed. The holding 

hopper 48 may also be dumped if required or at the end of a day's operation. 

A screed 50 follows the asphalt rejuvenating apparatus 10 and may be a unit such as 
typically found on an asphalt paver. The screed 50 lays, spreads and slightly compacts 
25 the blended material 46 for final rolling. 

A water system 52 may be provided to supply cooling water to the front and rear tires or 
tracks 54. 
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An operator 56 operates a control and processing station 58. From initial core samples 
the amount of rejuvenating fluid, sand and aggregate required to bring the asphalt surface 
18 up to a suitable specification can be determined. The operator 56 can input and 
monitor the amounts of rejuvenating fluid, sand and aggregate being added. 

A sand/aggregate bin 60 precedes the asphalt rejuvenating apparatus 10. The 
sand/aggregate bin 60 may be attached to the asphalt rejuvenating apparatus 10 or 
attached to a separate machine (not shown) running in front thereof. Sand/aggregate is 
metered at a specific rate which is a function of ground speed and specification 
requirements. 

The mixer or "pug mill" 100 is shown in more detail in the exploded view of Figure 3. 
The mixer 100 has a first stage 102 which includes a housing or "first stage shell" 104 
which is substantially enclosed but for a downwardly facing bottom opening 106. The 
first stage shell 104 has an inlet opening 108 through a forward face thereof which faces 
in the travel direction 12 of the transport structure 1 1 . 

The first stage 102 in use is placed in close proximity to the underlying surface to form 
a substantially enclosed chamber with the underlying surface acting as a bottom part of 
the first stage 102. A hydraulic cylinder 120 and parallel bar linkage 122 in Figure 2 
mount the mixer 100 to the transport structure 1 1 and control the placement of the first 
stage 102. 

A firrt itn g- oUa1 f 1 1 n jg t n t h^-fi i s i a,iyu dull 104 f ui l otaliuu abuu l a fn 

haft axis 112 which extends transversely relative to the traveldu^cJjiMH^rTrplurality 
of paddles 1 14 extend from the first stagesha^^S^rrvr^xe^n generally radial relative 
to the first stage shaft axisJJj2*--Tfiepaddles 1 14 are rotatable with the first stage shaft 
1 1 0 to blend themittetfrrmterial with the rejuvenating fluid. The paddles 1 1 4 are aligned 
to direc>meblended material (46 in Figures 1 and 2) generally in the direction of arrows 
char ge outlet 1 18. The dischatg cruutl ot 1 48-i asoo roarwardlyru lative 10' 




tfae-travel directio n 11-2 - and the blcndc d,jiiaterial-46^ 
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A rotator for rotating the first stage shaft 110 may take a variety of forms. For example, 
as illustrated in Figure 2, a motor 121 may be mounted to the pug mill 102 and 
5 rotationally coupled to the first stage shaft 1 10 by a motor sprocket 123 mounted to the 
motor 1 2 1 , a first stage shaft sprocket 1 24 mounted to the first stage shaft 110 and a roller 
chain 126 extending therebetween. It will be appreciated by those skilled in driver 
apparatus for such machinery that the rotator could take a variety of other forms. For 
example, a direct gear drive may be used instead of the sprocket and chain drive 
3° □ illustrated, or the motor 120 could be directly coupled to the first stage shaft 110. 

fU : jj Preferably, for better blending, the blended material will not be immediately discharged 
m from the first stage discharge outlet 118, but rather will be further blended in a second 
3 J3J stage 130 which follows the first stage 102. The second stage receives blended material 
M5 q from the first stage discharge outlet 118. The second stage 130 has a downwardly 
H opening second stage shell 132, which may be integral with and extend from the first 
O stage shell 104. A second stage shaft 134 is mounted in the second stage shell 132 for 
"~ □ rotation about a second stage shaft axis 136. 

20 A plurality of paddles 138 extend generally radially from the second stage shaft 134 and 
are rotatable therewith to further blend the blended material 46. The paddles 138 are 
oriented to direct the blended material 46 in the direction of arrows 1 40 toward the second 
stage discharge opening 142. 


25 The second stage discharge opening 142 faces rearwardly relative to the travel direction 
12. The blended material is preferably discharged from the second stage discharge 
opening 1 42 in a windrow of fixed breadth determined by the breadth of the second stage 
discharge opening 142. 
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A rotator for rotating the second stage shaft 134 may, as illustrated in Figure 2, be a 
second stage shaft sprocket 144 mounted to the second stage shaft 1 10 and about which 
the roller chain 126 extends. 


R ejuvenati ng fluid may ui add ed a l v aiiuus-p p-lfitS in the resurfacing process. Pitiably; 
rejuvenating fluid should be added to the milled materiaTpripjJo4t8-entetn^ mill 
100. This may be accomplishedjay-adtm^ fluid at or before the main mill 

36 or ahead ofjb^fulfmul inlet 108. The latter arrangement is illustrated in Figure 3 
whiclj^ttows a spray bar 150 for directing rejuvenating fluid at or head of the pug mill 


The above description is intended in an illustrative rather than a restrictive sense. 
Variations to the specific embodiments described may be apparent to those skilled in such 
apparatus and processes without departing from the spirit and scope of the invention as 
defined by the claims set out below. 
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I CLAIM: 


1. 


A m a flphalt - rcaurfaci ii^jaiachine having a transport structure, a heater mounted to 


said transport structure for heating an underlying surface to form a heated surfac^f 
a scarifier mounted to said transport structure to follow said heater and bregJc up 
said heated surface to form a scarified surface, a mill mounted to saicLtransport 
structure follow said scarifier, grind said scarified surface to form a rmfled material 
and to prepare said underlying surface to a preset depth, a rejuvenating fluid 
sprayer for introducing a rejuvenating fluid to said milled matenal and a mixer for 
blending said milled material with said rejuvenating fluid, smd mixer having a first 
stage comprising: / 

a first stage shell which is substantially enclose^ but for a downwardly facing 
bottom opening; / 

an inlet opening through a forward face of s&d shell facing in a travel direction of 
said transport structure for receiving saidonilled material; 

a first stage shaft extending transversely relative to said travel direction and 
mounted to said first stage shell foErotation about a first stage shaft axis; 
a plurality of paddles extending/radially from said first stage shaft for blending 
said rejuvenating fluid with said milled material and for directing said blended 
material thus formed towarda first stage discharge outlet facing rearwardly relative 
to said travel direction; and, 

a rotator for rotating Aid shaft along with said paddles wherein said first stage 
shell is placeable/in close proximity to said underlying surface to use said 
underlying surface as a bottom part thereof. 

2. An asphalt/resurfacing machine according to claim 1 wherein said^mix erfatrther_ 


has a s*^ond st gg^ mounted tn fnllm& ^-Aaid^^ said blended 

mate^mfrom said discharge outlet of said first stage, said second stage 
comprising: 
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les extending snbstafTfianyr^ therefrom and including tfie 3 : 


of: 


(v) receiving said blended material into said seconjJ^fTug mill through said 
second inlet; 

(vi) rotating said second paddle sha|H6 further blend said blended material 
received from said first pjjg^mll, said paddles being aligned to direct further 
blended material^htfs formed toward a rearwardly facing second discharge 
opening; at; 

(vii) discharging said further blended material in a windrow from said second 
selwge-epeni&g^ m 

A method according to claim 8 wherein: 


said first and second paddle shafts are rotated simultaneously by a motor 
rotationally coupled thereto by a chain and sprocket drive arrangement. 
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10. A method according to claim 9 wherein: 

said chain and sprocket drive arrangement includes at least one sprocket affixed 
to an output shaft of said motor, at least one first sprocket affixed to said first 
paddle shaft; and 

at least one second sprocket affixed to said second paddle shaft and at least one 
drive chain extending between said motor and first and second sprockets for 
transmitting rotational force from said output shaft to said first and second paddle 
shafts. 
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a^iownwefdiynaprening second stage sneu extending from a rear ot said tirsi stage" 
shell; / 
a second stage shaft mounted in said second stage shell for rotation about a seaefnd 
stage shaft axis generally parallel to said first stage shaft axis; / 
a plurality of paddles extending substantially radially from said second'stage shaft 
and rotatable therewith for further blending said blended materiar and directing 
said blended material toward a second stage discharge opepftig through said 
second stage shell facing rearwardly relative to said travel ^direction; and, 
a rotator for rotating said second stage shaft about said^econd stage shaft axis. 

An asphalt resurfacing machine as claimed in claim 1 wherein: 

said rotator includes a motor rotationally coupled to said first stage shaft. 

An asphalt resurfacing machine as claimed in claim 3 wherein: 

said motor is rotationally couped to said first stage shaft by a motor sprocket 
mounted to said motor to dr^e a corresponding first stage shaft sprocket mounted 
to said first stage shaft bVa chain extending thereabout. 

An asphalt resurfacing machine as claimed in claim 2 wherein: 

said rotator for/aid first and second stages includes a motor rotationally coupled 
to said first and second stage shafts. 

An asphalt resurfacing machine as claimed in claim 5 wherein: 

said/motor is rotationally coupled to said first and second stage shafts by a motor 


spgpck^fmounted to said motor and coupled by chain to corresponding tirsrand— 
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yr ^rl siag ^lMn spmukcls mounted rcautxtively to - & i ir1 first flnH ^r onri sfape 
shafts. 

7. A method for blending milled material with rejuvenating fluid hKan asphalt 
resurfacing machine having a first pug mill attached to a toansport structure 
associated with said asphalt resurfacing machine in an inverted arrangement in 
which an open face of said first pug mill is adjacent an underlying surface for said 
underlying surface to act as a bottom of said pug milL-said first pug mill having a 
first paddle shaft extending generally transverselWelative to a travel direction of 
said transport structure, said method comprising the steps of: 

(i) moving said transport structure alojafg said underlying surface to move said 
first pug mill in said travel direction; 

(ii) receiving said milled material /nd rejuvenating fluid into said first pug mill 
- through a forwardly facing/first inlet; 

(iii) blending said milled material with said rejuvenating fluid by rotating said 
first paddle shaft to cause paddles extending radially therefrom to co- 
mingle said milled material with said rejuvenating fluid, said paddles being 
aligned to direct a/blended material thus formed toward a rearwardly facing 
first discharge opening; and, 

(iv) allowing said/blended material to be discharged, through said first discharge 
opening as/said first pug mill moves in said travel direction. 

8. A method according to claim 7 wherein a second pug mill is attached to said 
transport structure to follow said first pug mill, said second pug mill being 
mounted/fri an inverted arrangement in which an open face thereof is adjacent said 
underMng surface to utilize said underlying surface as a bottom thereto, said 
second pug mill having a second inlet for receiving said blended material 
discharged from said first discharge opening, said second pug mill having a second 
p44dje-shalt generally parallel to said first paddle shaft and havingTp1urality-»f'' 


